We describe here the development of fluorescent in situ hybridization of transcript- outfitted with a fluorophore and a fluorescence quencher (Tzschaschel et al., 1996) , were 1 1 3
selected to target the mRNA of Bacteria and Archaea, because they result in a higher signal-to-
background noise ratio than linear probes and have been successfully applied to detect
intracellular mRNA of living eukaryotic cells (Sokol et al., 1998; Nitin et al., 2004 ; Santangelo
MATERIALS AND METHODS
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Molecular beacon probe design
The MB utilized in this study comprised a GC-rich 5-base pair stem and a 24-mer commonly used in diversity studies of methanogens (Steinberg and Regan, 2008) . As the may affect the specificity of the MB probe to target mcrA genes, the similarity between MB 1 4 6
probe sequence and mcrA genes was verified in silico using BLAST 1 4 7
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) against the nucleotide database. The MB probe
sequence was flanked by a Cy5 fluorophore (excitation peak at 640 nm, and emission peak at 
Formation of R9:MB complexes (FISH-TAMB probes)
A CPP comprised of nine arginine amino acid residues (R9) was selected as a carrier to Manassas, VA USA) to achieve the following molar ratios: 0:1, 5:1, 10:1, 15:1, 20:1, 25:1, 30:1.
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Reactions were incubated for 30 minutes at 37˚C in a C1000 Touch ™ Thermal Cycler (Bio-Rad
Laboratories, Inc., Irvine, CA USA). Gel electrophoresis determined the minimum molar ratio of
R9 to MB required for complete complexation of all free-floating MB in solution (SI Methods).
In vitro hybridization assays
In vitro hybridization assays were performed to assess (i) hybridization of MB and FISH- and potentially non-specifically bound MB probes, and (iii) optimal incubation time for detection ACTAYCCBAACTACGCVATGAACG-3') complementary to the MB probe sequence.
Background signal (due to unbound MB probes) and potential non-specific hybridization
fluorescence were respectively assessed by incubating MB and FISH-TAMB probes in the
absence of any mcrA target (blank) and an oligonucleotide sequence specific to particulate
methane monooxygenase beta subunit (pmoA) (5'-GAAYSCNGARAAGAACGM-3') (Luesken (excitation 633 nm, detection bandwidth 655 -685 nm, exposure time 5 min.).
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Fluorescence intensity was measured as a function of temperature and salt concentration
to determine stability profiles of the MB probe sequence in the presence and absence of mcrA targets (bound MB vs. unbound MB states). Three 50-µl reaction volumes were prepared for the
unbound MB controls, comprising 16 nM MB probes and Takara PCR buffer containing 1.5 mM
MgCl 2 (1x), 7.5 mM MgCl 2 (5x), or 15 mM MgCl 2 (10x). Three bound MB reactions were set up 1 8 2 using the same recipes except with the addition of 32 nM mcrA target sequences. Reaction
mixtures were incubated at 37˚C for 1 hour on a real-time qPCR 7900HT system (Applied
Biosystems, Inc., Carlsbad, CA USA). Melting curve analysis was done for temperatures ranging (Spectrum Labs, New Brunswick, NJ USA) and then back-flushed with fracture fluid into sterile, N 2 -sparged 160-ml borosilicate serum vials to obtain a final concentration of ~10 7 cells ml -1 .
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Dissolved gas samples were collected along with field measurements of certain environmental parameters (SI Methods, results in Table S3 ). The methanogenic medium DSMZ medium 120a modified after the recipe of Bryant and DSMZ medium 120a was adjusted to pH 7.2 and inoculated with axenic cultures of methanogen barkeri and the BE326 BH2-Conc methanogenic enrichment were prepared anaerobically using ampicillin (LB/A) and DSMZ 120a media for E. coli and methanogenic cultures, respectively.
Growth curves were obtained by measuring optical density at 600 nm for E. coli using a Company, Loveland, CO USA). were incubated for 15 minutes at 37˚C in 100-µl reaction mixtures containing 1 µM FISH- were incubated with FISH-TAMB probes anaerobically as described above. Following
incubation, the 100-µl reaction mixtures were diluted in 0.9 ml 1x DPBS solution containing USA) for flow cytometric analysis. Flow cytometry was performed on a BD LSRII Multi-Laser side-scattered light were set to logarithmic gain and used to trigger events. The system was different cell types and after samples treated with FISH-TAMB probes. Methods for information regarding cell population gating parameters) were subtracted from final labeling between samples and their respective controls was performed using a Student t-test
(StatPlus:mac LE software, AnalystSoft, Inc., Walnut, CA USA). Live-cell imaging was performed on all cell types to qualitatively confirm the ratio of were incubated with FISH-TAMB probes as described above. FISH-TAMB-labeled cells were
imaged at the Princeton University Confocal Imaging Core using a Nikon Ti-E inverted confocal microscope equipped with a
Yokogawa CSU-21
spinning disk, and Orca Flash camera (Nikon Instruments, Melville, NY USA). F420
autofluorescence of M. barkeri and methanogenic BE326 BH2-Conc cells were excited with the
405-nm laser channel, and detected on the 461-nm emission filter. E. coli autofluorescence was 2 7 7
excited at 488 nm, and emission was set to 518 nm. Excitation and emission of the Cy5
fluorophore in MB probes were set to 647 nm and 670 nm, respectively. Samples were
maintained under a 100% CO 2 atmosphere during imaging. TAMB probes as previously described and were imaged every minute for 14 hours using a 2 8 3
Nikon Ti-E inverted confocal microscope outfitted with the same equipment as described above
with an Andor Zyla sCMOS camera. Imaging parameters were consistent with the previous live-
cell imaging experiment. Melting curve analysis revealed maximum fluorescence of bound MB at 25˚C under all
55˚ -65˚C (Table S1 ). Thus, FISH-TAMB demonstrates a large operational temperature range 3 0 0 of 25˚C -65˚C, but may be limited from in situ studies of thermophiles.
In vitro hybridization revealed background autofluorescence of unbound MB 3 0 2 significantly diminished when MB was non-covalently bound to R9 (Fig. 2D ) and results from background fluorophore emission. However, this stabilization appeared to be inhibitory to MB-
target hybridization when FISH-TAMB probes were incubated with mcrA oligonucleotide TAMB probes encountered intracellular mcrA mRNA in vivo after entering cells ( Fig. 2F-H probes released from R9 appear to retain hairpin conformation following cellular penetration, as 
Detection of living cells labeled by FISH-TAMB probes
Flow cytometry data revealed that FISH-TAMB-treated cells containing the mcrA gene
exhibited a significant increase in fluorescence on the Cy5 filter relative to the untreated and E. mcrA genes were transformed into two alternative overexpression E. coli strains, C41(DE3) and ( Fig. 5A ) and BE326 BH2-Conc (Fig. 5E ). Cell aggregates were enumerated as individual events 3 4 2 (i.e. presumably single cells) by flow cytometry detectors, but were discernable from true single actively transcribing mcrA or the transcription level was distinctively low, therefore, they were
not labeled by FISH-TAMB probes.
We did not assess the community composition of the BE326 BH2-Conc enrichments.
However, ~3 % of total cells were labeled by FISH-TAMB, a greater fraction than the 0.4 to this site (Simkus et al., 2016; Lau et al., 2016) . Spinning disk photomicroscopy revealed FISH-
TAMB-labeled cells from the BE326 BH2-Conc methanogenic enrichment exhibited small 3 6 0 coccoidal morphologies up to 1 µm in diameter (Fig. 5 B-D) , though cell aggregates were 3 6 1 apparent in the sample (Fig. 5E ). This range is consistent with cell sizes estimated from forward- ( Fig. 5 B-E) . Fluorescence intensity of all cell morphologies was significantly reduced within 2 3 6 6 hours of hybridization (Fig. 6) . However, single planktonic cells and cell pairs maintained 3 6 7 discernable fluorescence for approximately 6 hours ( Fig. 6 A, C).
FISH-TAMB-labeled cells appeared in view over the course of imaging (SI GIF S1), significantly weaker than that of FISH-TAMB-labeled cells (Fig. 6D ).
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These results demonstrated that FISH-TAMB probes enter both bacterial and archaeal from R9 selectively hybridize with target mRNA transcripts, if present, in the cytoplasm,
emitting above-background fluorescent signals for detection. 
Cell viability of FISH-TAMB-treated cultures
Growth curves of FISH-TAMB-treated and untreated cells are presented in Fig. 7 . Both whereas E. coli pmoA + grew at µ control = 0.14 h -1 , µ FISH-TAMB = 0.12 h -1 . These decreased growth cellular viability (Fig. 7) . 
Implications of FISH-TAMB for microbial ecology
Cellular fixation with paraformaldehyde and ethanol is a traditional step in the FISH 3 9 3
protocol that stabilizes cell integrity for efficient membrane permeabilization, but at the expense taxa from mixed microbial communities including low abundance and slow growing populations sorting, FISH-TAMB offers promising utility to isolate rare, but important, taxa for sub- consortium wherein the taxonomy of the implicated organisms is well described, but the Reeburgh, 2000; Hoehler et al., 1994; Sørensen et al., 2001; Moran et al., 2008; Milucka et al., 4 0 7 2012; McGlynn et al., 2015; Wegener et al., 2015) . By coupling FISH-TAMB with other physically associated microorganisms. Gold Mine for their hospitality and granting us continued access to the BE326 BH2 borehole. collecting gas samples at BE326 BH2. for determinative, phylogenetic, and environmental studies in microbiology. J Bacteriol
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(OD 600 for E. coli, OD 550 for M. barkeri) and growth rates compared to untreated cultures. 
